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ABSTRACT 

\@’ 
This paper reviews solar extreme ultraviolet observations 

made in the spectral region A170 - A400 by the first Orbiting 
Solar Observatory during March, April, and May, 1962. 

of the data to the identification of emission lines in this 

spectral region is discussed. 

with concurrent 2800 MHz radio emission and other measurements 

Application 

The observations are compared 

of solar activity. 



INTENSITY VARIATIONS IN THE SOLAR EXTREME 

ULTRAVIOLET SPECTRUM OBSERVED BY OSO-1  

BY 
Werner M. Neupert 

Goddard Space Flight Center 
Greenbelt, Maryland 

I INTRODUCTION 

This paper reviews the solar extreme ultraviolet (Em) 

observations made by the first Orbiting solar Observatory, OSO-1, 

using a grazing incidence spectrometer. 

performed by the Solar Physics Branch of the Goddard Space Flight 

Center, under the direction of Dr. John C, Lindsay and Dr, William 

E. Behring. 

spacecraft, the spectrometer made continuous solar observations, 

whenever the satellite was in sunlight, for nearly three solar 

rotations in March, April, and May 1962. These observations 

were followed by nearly one year of intermittent observations. 

During the period of continuous observations E W  spectra were 

obtained at the rate of one every eight minutes, or approximately 

seven per orbit, resulting in an estimated seven thousand spectra 

being recorded for the first 2 1/2 months of satellite operation. 

Reports of these observations may be found in the literature.1,2,3 

The experiment was 

As an experiment in the pointed section of the OSO-1 

This paper will discuss observations made on some of the 

more prominent spectral lines in the region from A170 to A400 



made during March, April, and May 1962. In particular, the 

discussion will center around: 

(1) The use of satellite observations in the identification 

of spectral lines 

(2) The use of these observations to study changes in the 

solar corona with time, especially those changes 

associated with active centers and flares, 

11. INSTRUMENTATION 

During operation the spectrometer4 was pointed at the center 

of the solar disk with an accuracy of two arc minutes. In this 

orientation, radiation from the entire solar disk and inner 

corona passed directly through the entrance slit and struck 

a concave grating mounted in grazing incidence, the angle of 

incidence being 88'. The grating, an original ruled in a 

special glass by the Nobel Institute in Stockholm, has 576 

lines per millimeter on a blank of one meter radius of 

curvature. The exit slit and detector were mounted on a 

carriage which was driven on a circular rail so that the 

exit slit scanned along the Rowland Circle, where the spectrum 

was focused, from 110 - 1400. The 50 micron entrance and exit 
slits provided a spectral passband of 1.7A and permitted 

resolution of lines 0.85A apart. 

photomultiplier developed by the Bendix Corporation specifically 

for use in this spectrometer. 

chosen to minimize response to wavelengths above X1500, and to 

reduce changes in sensitivity due to variations of the 

The detector was a windowless 

A tungsten photocathode was 
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emission properties of the cathode. 

spectrometer, calibrations were per 

For the OSO-1 flight 

>rmed (1 by exposing the 

entire spectrometer to a beam of monochromatic radiation of 

known intensity and (2) by evaluating the essential components 

of the spectrometer (grating, detector, etc .) and then computing 

the sensitivity of the instrument. The first method was applied 

at A44 using a proportional counter for determining the source 

intensity. 

(A80 - i400). In addition, a comparison was made with the 

fluxes measured by Hall, Damon and Hinteregger5 on a day 

of equivalent solar activity as measured by the solar decimetric 

radiation. 

overlap, A250 to A400, and would be meaningful only if the 

solar radiation was indeed the same on the two days. 

The 2800 MHz mean daily flux recorded by the National Research 

Council, Ottawa, Canada, was used as an independent estimate 

of solar flux to choose the satellite data for the comparison. 

The second method was applied at longer wavelengths 

The comparison could only be made in the region of 

A best fit was made between these methods of obtaining a 

calibration which yielded values of 8.0 x lo5 photons cm-* 
count'l at 1335 and 4.2 x lo5 photon cm-2 count'l at 1284. 

The first use of this spectrometer, in a rocket flight on 

September 30, 1962 prior to launch of the OSO-1 satellite, 

produced the spectrum shown in Figure 1. 

observations were obtained in the region from A170 to A400 

and agree well with observations made in this same region by 

The most reliable 
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Hall et. a1 6 at Air Force Cambridge Research Laboratories and 

Tousey et. al’ at the Naval Research Laboratory. 

prominent features of the spectrum are the Helium I1 sequence 

with Lines at 1304 ,  1256 and 1243, and the Fe XV and Fe XVI 

resonance lines at 1284 and 1335 respectively. By combining 

several scans, it was possible to obtain evidence for line 

structure down to 150. 

have obtained superior spectra extending below X100. 

Among the more 

Both the NRL and AFCRL groups recently 

The type of data provided during operation of the satellite 

is shown in Figure 2 .  

more than two months of continuous observations made by OSO-1 

and show the effects of changing solar activity. 

evident that the Fe XVI (X335)  and Fe XV (~284) lines increase 

relatively more than do neighboring lines as the activity on 

the sun increases between March 9 and March 2 2 .  An alternative 

way of looking at the data is to consider one line only, but 

over a longer period of time. 

fluctuations due to solar activity may differ considerably from 

one line to another, These fluctuations have been investigated 

with regard to information concerning line identification and 

coronal structures which may be obtained from them. 

111. IDENTIFICATION OF SPECTRAL LINES 

These data were taken on two days of the 

It is immediately 

One again concludes that the 

The problem of identifying coronal emission lines has been 

discussed by Tousey, Austin, Purcell and Widing7, by Zirin, Hall 

and Hinteregger’, by Pecker and Rohrlich’, and Neupert and Behring”. 
One of the difficulties lies in the nature of the far W spectrum. 

. 
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It is a rich emission line spectrum which prevents one from 

making unambiguous identifications when the predicted wavelengths 

are good to only a few Angstroms. We suggest that this ambiguity 

can be removed by making observations over 'a period of time, and 

searching for groups of lines whose intensities have the same time 

dependence. Assuming that the lines are optically thin, and 

that the excitation crossection is only a slowly varying function 

of temperature, we may expect that lines of one multiplet arising 

from one, or several closely spaced upper states will vary by 

the same fractional amount with changes in solar activity. 

imposes an additional constraint which line identifications 

must satisfy. 

This . 

This method has been used in a search for the permitted 

transitions of Fe XIV in the solar spectrum (Neupert and SmithlL). 

Predictions for the energies of the excited levels of this ion 

have been made by Garstang12 and allow one to calculate the 

expected wavelengths with reasonable accuracy. One expects 

from Garstang's calculations that the EUV lines of this ion are 

grouped into four multiplets appearing in the extreme ultraviolet 

spectrum between 1200 and 1400. 

of identification is simplified by knowing precisely the splitting 

of two lines having a common upper state, since this splitting 

must correspond to the wavenumber of the green line at 15303. 

Upon examining the time variations o f  lines in the region of the 

spectrum where Fe XIV is expected, one does find three groups of 

It is evident that the problem 
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lines with wavelengths near those calculated from Garstang's 

work, and with separations compatible with predicted splittings 

within the uncertainty in determining the wavelengths of the 

observed lines, which vary by the same amount as the activity on 

the sun changes. 

to the 2p - 2Po and 2s - 2po transitions since they lie within 

2A of the computed wavelengths. 

have the same variation with time and probably correspond to the 

*D - *Po transitions although they are shifted by lOA from the 

predicted wavelenghts. None of the other lines we have examined 

exhibit the same time dependence. The resonance lines, expected 

above A340 are not observed. Their absence may be due to their 

rather low oscillator strengths, as computed by Garstang or to 

We suggest that two of these groups correspond 

Two other lines, at X204A and A211 

the decreased sensitivity of the (?So-1 spectrometer at these 

wavelengths. 

for the entire period of observation. 

are shown in Figure 3,  in which each group of points corresponds 

to one multiplet. 

of the same multiplet but also from one multiplet to another. 

The A289 line appears to deviate, but this is a weak line and 

may be blended with other lines, especially during periods of 

low solar activity. 

The similarity in intensity fluctuations exists 

The collected observations 

There is good agreement not only among members 

Table 1 summarizes the possible identifications. 

Having examined one set of lines which may originate in iron, 

it is of interest to examine other lines of the same element which 

perhaps belong to different stages of ionization. 

one may turn to those lines which are common to both the Zeta 

- 
To do this, 
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discharge and t h e  sun and which, as Fawcett, e t .  a l l 3  have 

pointed O u t ,  may be i ron  l i n e s .  The i n t e n s i t y  va r i a t ions  of 

those  l i n e s  which are r e l i a b l y  observed by the  OSO-1  spectrometer 

are shown i n  Figure 4.  These l i n e s  have been divided i n t o  four  

groups according t o  the  amplitude of t h e  f luc tua t ions .  

l i n e s  show as much v a r i a t i o n  as do the  l i n e s  of  Group I V  which 

w e  have suggested as being from F e  X I V ,  but lesser va r i a t ions  are 

observed. Of these  l i n e s ,  one group, Group 111, may o r i g i n a t e  i n  

Fe X I I I ,  as two suggested i d e n t i f i c a t i o n s  by Zir in14,  and t h e  

s i m i l a r i t y  of t h e  va r i a t ions  w i t h  those of another poss ib le  Fe X I 1 1  

l i n e  a t  1364 would suggest. 

i n t o  two ca tegor ies  but these ca tegor ies  are not  d i s t i n c t .  The 

least v a r i a t i o n  is  shown, not  only by a group of l i n e s  near  1170, 

but  a l s o  by a poss ib l e  Fe X l i n e  a t  1345 and leads us  t o  suggest t h a t  

t hese  lower two groups o r i g i n a t e  i n  Fe X ,  Fe  X I ,  and Fe X I I ,  t h e  

sma l l e s t  v a r i a t i o n  being associated wi th  Fe X.  Figure 5 shows t h e  

corresponding spec t r a  from Zeta and Tousey's spectrum of t h e  sun13, 

and again ind ica t e s  t h e  t e n t a t i v e  grouping and i d e n t i f i c a t i o n  of 

t h e  spectra l i n e s ,  

No o t h e r  

The remaining l i n e s  have been placed 

I n  add i t ion  t o  the  i ron  l i n e s ,  w e  have examined v a r i a t i o n s  

observed i n  s i l i c o n  and magnesium l i n e s .  

f o r  each ion i n  d e t a i l ,  one may attempt t o  summarize these  observat ions 

from another po in t  of view, W e  f ind  t h a t ,  i n  general ,  those 

Rather than present  d a t a  

ions which exist  a t  lower e lec t ron  temperatures vary less than 

those  which ex is t  a t  higher temperature. This behavior i s  shown 

- 11 - 
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i n  Figure 6 .  

House’’ and do not include the  e f f e c t  of d i e l ec t ron ic  recombination. 

Including t h i s  f a c t o r  w i l l  s h i f t  t h e  poin ts  and may change t h e  

shape o f  t h e  dot ted curve s l i g h t l y ,  

from day t o  day, of course,  depending on s o l a r  a c t i v i t y .  

s h a l l  r e f e r  t o  t h i s  f i gu re  aga in  a f t e r  discussing the s o l a r  

a c t i v i t y  with which the  observations are associated.  

I V .  VARIATIONS OF THE EXJV SPECTRUM WITH SOLAR ACTIVITY 

The temperatures used here  are those given by 

This dot ted curve varies 

We 

The use of the  Orbi t ing Solar  Observatory as a s t a b l e  p l a t -  

form has permitted the  acquis i t ion  of a s o l a r  mJv spectrum which 

can t e n t a t i v e l y  be associated with a corona dis turbed t o  varying 

degrees by v i s i b l e  centers  of a c t i v i t y .  F igure  7 shows t h e  

f o r t u i t o u s  sequence of observations obtained by OSO-1: periods 

of r e l a t i v e l y  low so la r  a c t i v i t y  followed by periods during 

which active centers  appeared on the  s o l a r  d i sk .  The increases  

and decreases i n  f l u x  can be associated with the  appearance and 

dissapearance of these  cen te r s ,  as indicated by the plage regions 

given i n  the  f igu re .  The c loses t  approach t o  observat ion of a 

corona not dis turbed by a c t i v e  centers  was obtained on 11 March, 

when the  Zurich F ina l  Relat ive Sunspot Number was 11. 

American Relative Sunspot Number w a s  reported as zero on both 

10 March and 11 March, In  addi t ion;  no l a r g e  regions had been 

associated with the  face  of t he  sun turned toward the  e a r t h  on March 11 

during the  preceding s i x  months, 

The 

, ,  

A ca re fu l  ana lys i s  of emission 

- 14 - 
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l i n e s ,  made f o r  t h e  period from 7 March t o  5 A p r i l ,  demonstrates 

t h a t  the lowest counting r a t e s  of the  period were indeed observed 

when t h e  sunspot number w a s  near zero and the  calcium plage area 

on t h e  sun w a s  also a t  a minimum. However, it i s  a l s o  c l e a r  

t h a t  no exact co r re l a t ion  can be assumed t o  exis t  between the  

E W  f luxes and ground based observat ions.  For example, counting 

rates f o r  t he  i ron  l i n e s  were lower  on May 1, when the  Sunspot 

Number w a s  49 than on May 15 when it w a s  15. 

agreement between the  radio data  obtained a t  2800 M H Z  by the  

National Research Council, O t t a w a ,  Canada, and Ew coronal f luxes is  

s t r i k i n g  a t  times, as f o r  instance i n  the  i n t e r v a l  from 13 Apri l  

t o  25 Apr i l ,  a per iod of considerable so l a r  a c t i v i t y ,  t h i s  

s i m i l a r i t y  i s  not cons is ten t ,  as the  da ta  taken from 29 Apri l  t o  

15 May shows. A small maximum observed a t  2800 MHZ on 1 May t o  5 

May does not appear a t  A284 whereas on the  succeeding days 

9 May t o  15 May, a l a rge r  peak is  observed a t  A284 than a t  rad io  

wavelengths. 

when a s m a l l  maximum i s  observed a t  2800 MHz i s  a f lare-producing 

center  of a c t i v i t y  approximately 1 s o l a r  r o t a t i o n  o l d ,  whereas 

t h e  plages e x i s t i n g  on the  sun on 9 May t o  15 May are for 

t h e  most p a r t  remnants of ac t ive  cen te r s  4-5 r o t a t i o n s  o l d  which 

no longer  are si tes of f l a r e  a c t i v i t y .  

Likewise, although the  

The region under observation on 1 May t o  5 May 

The E W  observat ion would suggest t h a t  t h e  A284 r a d i a t i o n  

has a d i f f e r e n t  t i m e  dependence on t h e  age of a c t i v e  regions than 

does t h e  microwave rad ia t ion .  I t  increases  more slowly than does 

t h e  microwave r ad ia t ion  as the  ac t ive  center  developes but  remains 

- 17 - 



intense even after the sunspots and flare activity have 

dissappeared and the microwave radiation is decreasing. 

compare this hypothesis with a model for a center of activity 

described by De Jager16. 

localized in the lower altitudes of the solar atmosphere and 

gradually expands into the quiet corona. After the spot phase 

of the CA has passed, the center remains as a magnetic bipolar 

region which may have quiescent filaments and perhaps coronal 

rays associated with it. 

line after all sunspots have vanished in the region may be an 

indication of remaining coronal structures. 

observations suggest that it is necessary to have knowledge 

of the recent past history of solar activity as well as current 

data in order to make a correlation of EW radiation with other 

data. 

display individual features which vary from one line to another, 

In particular, one may observe fluctuations in the helium line 

which are not found in the other lines. These short lived 

variations can sometimes, but not always, be associated with 

the brightening of existing plages and the occurrence of radio 

noise stroms at 169 MHz as recorded by the Meudon Field Station 

in Nancay, France. 

One may 

In this model the disturbance is initially 

The continued enhancement of the Fe XV 

In any event these 

The three EW emission lines for which data are given 

The coronal lines of Fe XIV, Fe X V ,  and Fe XVI are strongly 

1 associated with plages, but do appear to have residual intensities 

even if the sun shows no sign of activity. 

analysis for Fe XV and for Fe XIV appears in Figure 8. 

observe that although there are large fluctuations in the 

A more detailed 

One may 

- 18 - 
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relationship of Fe XV to plage area, the Fe XV emission is more 

strongly associated with plages than Fe XIV. 

component, of about 90 counts per second does exists when one 

extrapolates the Fe XV counting rate to zero plage area. 

that the regions of increased Fe XV emissions are equivalent in 

area to the plages, one may calculate a plage to quiet sun Fe XV 

ratio of between two and three hundred to one, considerably 

A "quiet sunt1 

Assuming 

beyond the latitude of photographic film, 

component may perhaps be associated with coronal fine structure 

rather than be uniformly distributed over the solar disk. 

may be that with sufficient sensitivity and spatial resolution 

we will find a mottled appearance to the solar disk even in the 

lines of Fe XV and Fe XVI. 

radiations originate in the same region of the corona, at some 

well-defined electron temperature, one obtains, from the theory 

of ionization equilibrium, a temperature of the order of 1.75 

million degrees. This is to be compared with the value of 

800,000 OK usually obtained for undisturbed regions of the 

corona in which the forbidden lines of Fe XIV and Fe X have an 

intensity ratio of about four to one. 

This Iquiet sun'! 

It 

If one assumes that both of these 

It is of interest to compare the Fe XVI and XV radiations 

associated with successive reappearances of the same active 

regions. 

rates observed for the A335 and A284 lines and is shown in 

This comparison is presented as the ratio of counting 

- 20 - 



Figure 9. It is immediately evident that this ratio is 

insensitive to the occurrence of major active regions. 

appears, however, that a slightly higher ratio may be associated 

with the above mentioned month-old region observed from 1 May 

to 5 May and that a somewhat lower ratio exists from 12 May to 

15 May, when primarily regions approximately 5 months old were 

under observation. This ratio also decreases slightly with each 

successive reappearance of the major active regions which made 

central meridian passage on March 23-25. 

It 

. 
The data suggest that the Fe XV emission from the latter 

regions remains approximately the same throughout the period of 

observation while a decrease in Fe XVI occurs at about the 

same time that flare activity ceases and sunspots vanish. 

the regions of Fe XV and XVI emissions were to coincide, the 

observations would imply that a higher electron temperature is to 

be associated with the younger region. There is, however, a 

small amount of evidence in the data that the two radiations 

do not always precisely coincide. On 17-19 March, 30 March- 

2 April, and 11-13 April we observe increases in the ratio as 

a major plage area, which is increasing in activity, is situated 

behind either the east or west limb of the sun. Such an increase 

would be obtained if the Fe XVI emission occurred somewhat 

higher in the corona than did the Fe X V ,  a situation which 

could be produced by an electron temperature gradient above 

the plage. 

investigated in this regard. 

If 

* 

Several different coronal models are now being 

- 21 - 
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Finally, referring back to Figs. 3 ,  4 ,  and 6, we may 

attempt to summarize the fluctuations observed in other E W  

lines as a result of activity on the sun. 

those ions which exist at electron temperatures below about 

1 x lo6  OK, and these include the lowest stages of ionization of 
iron as well as ions of Si VI11 through Si X and Mg VI11 and IX, 

show little association with active regions, while those ions 

existing above 1 x lo6 OK show a strong if not exclusive association 

with plages and active regions. The fact that all lines show 

an increase with activity during the first two weeks in March 

merely indicates an increase in density in and around the active 

region. 

increases in Fe XV and Fe XVI are due to a combined increase of 

We observe that 

It is not clear from the data whether the large 

electron temperature and density over plages or whether 

localized regions in which these emissions might occur merely 

increase in number over plages, All lines are observed to 

fluctuate, if only slightly. The smaller the fluctuations, the 

less well they correlate with solar activity. 

is particularly well demonstrated in Fig. 4.  Since the experiment 

lacked spatial resolution it is not possible to state how the 

smaller enhancements in intensity are distributed on the solar 

disk. 

of the oso-1 data which may be answered by future experiments 
combining spatial resolution with the existing spectral resolution. 

This phenomenon 

. .  It is evident that many questions remain in the interpretation 

. 
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V. FLARE ACTIVITY OBSERVED BY OSO-1 

The OSO-1 spectrometer observed transients events 

superimposed on the slow variations in the spectrum. These 

events could in most instances be correlated with other evidence 

of solar activity. 

such events because the increase in radiation is observed as 

only a small increase in the radiation from the entire disk, and 

because the long time required to scan the spectrum (8 min) severely 

limits the time resolution with which the event can be observed 

in a particular spectral line. Several tentative conclusions 

can be drawn from the data, however. 

the E W  lines examined, the largest increase during flares is 

associated with the ion having the highest ionization potential - 
Fe XVI. Secondly, even f o r  this spectral line the increase is con- 

siderably less than for harder x rays. 

2+,  on 13 March 1962, the Fe XVI line at A335 increased by 60% 

whereas the 1-10A ion chamber output17 increased by a factor of 

more than three. 

It is difficult to obtain reliable data for 

In the first place, of all 

For a flare of importance 

Numerous transient events are indicated in Figure 9. In 

general the Fe XVI flux increases more than does Fe XV, thus 

increasing the ratio X335/X284. 

in the Fe XV flux is observed during the flare. 

one example of a transient event. The A304 line shows an increase 

of about 10% approximately coincident with the optical flare. A 

30% is observed in the A335 line, but only after a type I1 radio burst 

In many cases no change whatever 

Figure 10 gives 
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has occurred. No change is observed in the A284 line. The 
observations are also compared with the radio event at 2800 M H Z  

reported by Covington of the National Research Council, Canada. 

I Additional events, many of them indicated by increases in the 

Fe XVI/Fe XV ratio, are now being studied in greater detail. 

VI. CONCLUSIONS 

The solar extreme ultraviolet spectrum has been observed over 

a sufficiently long period of time to record emissions corresponding 

to varying levels of solar activity. 

observed to vary, with those from ions which exist at high electron 

temperatures showing the greatest fluctuations. These variations 

A l l  spectral lines are 

have been applied to the problem of identifying unknown emission 

lines in the spectrum. The measurements have been compared with 

radio emission and other observations of solar activity. 

concluded that E W  emission lines associated with an active region 

may not all have the same dependence on the age of the region. 

It is 
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CAPTI@NS 

Fig. 1 The Solar E W  Spectrum Recorded Phctoelectrically 

.. during a GSFC Rocket Flight on Sept. 30, 1961. 

Fig. 2 Comparison of Two Spectra Representing the llQuiettl 

and llActivell Sun, as Cbserved by the First Orbiting 

Solar Observatory . 
Fig. 3 Intensity Fluctuations of Possible Fe XIV E W  

Emission Lines. The lines are normalized to a Value 

of One for a Period of Time during which the Sun was 

considered as l1Quietl1 for this Portion of the Solar Cycle, 

Intensity Fluctuations of Emission Lines Common to Both the 

Zeta Pinch and the Sun. 

reliably observed by (?SO-1 are included. 

normalization is used as in Figure 3,  

Comparison of Solar and Zeta Spectra (Fawcett el all3) 

Showing the suggested Identifications of some of the 

Brighter Lines. 

permission of the authors) 

Fig. 4 

only those lines which have been 

The same 

Fig. 5 

(Spectra reproduced with the kind 

Fig. 6 Increases in E W  Emission Lines due to the Presence of 

Active Centers (March 22, 1962) Relative to a Period of 

Low Solar Activity (March 10, 1962) . The Temperatures 
do not take into Account the Effect of Dielectronic 

Recomb inat ion . 



Fig.  7 Comparison of Three Selected EUV Emission Lines wi th  

Mean Daily 2800 MHz Radio Emission Reported by t h e  

National Research Council, O t t a w a ,  Canada and Ca+ Plages 

Reported by t h e  McMath-Hulbert Observatory. 

point  represents  t h e  average of approximately twenty 

observat ions made over a s ix  hour t i m e  i n t e rva l .  

Standard devia t ions  f o r  t y p i c a l  sets of observat ions 

are shown on March 27. 

Corre la t ion  of Fe XV and Fe X I V  Lines wi th  Ca+ Plage 

Area as Observed by the  McMath-Hulbert Observatory. 

Dependence of t he  Ratio Fe XVI/Fe xv on Solar  Ac t iv i ty .  

Occurence of F lares  of Importance 2 o r  Greater, Short-  

wave Fadeouts, and Limb Ac t iv i ty  is  a l s o  shown. 

Each E W  

Fig.  8 

Fig.  9 

Fig.  10 E W  Flare Observation and Comparison wi th  a microwave 

b u r s t  observed by Covington (National Research Council, 

O t t a w a ,  Canada). Apri l  22 ,  1962. 


